were obtained from the NCEP with the assistance of J. Caron and K. Trenberth at the NCAR. The stations were chosen on the basis of the temporal continuity of their records. For each station, anomalies exceeding 3 SD about the long-term mean were removed from the data. Gridded monthly mean surface air-temperature anomalies were obtained from the Climate Research Unit at the University of East Anglia (49). Monthly and daily means of the NCEP/NCAR reanalysis (50) were obtained through the NOAA Climate Diagnostics Center. Halley station ozone data were provided by the British Antarctic Survey. 18 . Data for the radiosonde stations listed in Table 1 and gridded monthly mean surface temperature data over Antarctica are available starting from 1958. However, because the temporal coverage of these data improved markedly in the late 1960s, our analysis is restricted to the period after 1969. Results based on the NCEP/NCAR reanalysis were found to be in excellent agreement with those derived from the radiosonde data after ϳ1979, which corresponds to the introduction of satellite data into the reanalysis assimilation scheme. For example, the monthly mean time series of 500-hPa geopotential height averaged over the radiosonde stations listed in Table 1 is correlated with 500-hPa geopotential height anomalies from the reanalysis averaged over the SH polar cap ( poleward of 60°S) at a level of r ϭ 0.89 for the period 1979 -1998, and the amplitude and seasonality of trends calculated from these two time series are virtually identical. Results based on the NCEP/NCAR reanalysis were found to diverge from those derived from the radiosonde data before 1979, particularly in the lower stratosphere. For a thorough comparison of the NCEP/NCAR reanalysis and radiosonde data over Antarctica, see (51). 19 . Water vapor and well-mixed greenhouse gas trends are estimated to contribute about 25 and 10%, respectively, to the observed cooling trends in the lowermost Antarctic stratosphere, with the remainder due to the massive depletion of ozone [see (52)]. 20. D. T. Shindell, D. Rind, P. Lonergan, Nature 392, 589 (1998). 21 . The robustness of the seasonality of the trends was assessed by recalculating the trends for odd-numbered years only. In both the troposphere and stratosphere, the trends exhibit a seasonality qualitatively identical to that noted in Fig. 1 and 
. 28 . The NH counterpart to the SAM is alternatively referred to as the North Atlantic Oscillation (36, 53) , the Arctic Oscillation (37) , and the NAM (27) . 29. J. G. Charney, P. G. Drazin, J. Geophys. Res. 66, 83 (1961) . 30 . Time series of the SAM are typically based on the difference in geopotential height between polar and middle latitudes. Because radiosonde data are scarce in the SH middle latitudes, the SAM index used in this study is based solely on polar data. In practice, the time series of the SAM derived from 500-hPa height anomalies averaged over the radiosonde stations in Table 1 is highly correlated with an index of the SAM based on empirical orthogonal function analysis of gridded SH geopotential height anomalies, as used in (24, 26, 27) . The 500-hPa time series shown in Fig. 2 is correlated with the corresponding leading principal component time series of SH (20°to 90°S) 500-hPa geopotential height anomalies from the NCEP/NCAR reanalysis at r ϭ 0.84, based on all calendar months of the year, 1979 -1998. 31. The significance of the correlations in Table 3 was estimated from the t statistic, assuming only one degree of freedom for every 2 years. The significance of the linkages in Fig. 3 was estimated assuming one degree of freedom for every year (the time series used in Fig. 3 consist of 6 months per year). 32. Because the trend in the SAM accounts for a relatively small fraction (9%) of the total month-tomonth variance during December-May from 1969 -1998, the fractions of the trends that are linearly congruent with the SAM index in Fig. 3 are not strongly sensitive to shared trends in the time series.
For the shortest period of record considered (December-May monthly means from 1979 -2000), the total fraction was found to vary by ϳ5% when the indices were detrended before the calculation of the regression coefficients. (12) . An analysis of the characters of this family demonstrates that it is best considered a sister taxon to extant angiosperms (Fig. 1) . Morphologic characters, especially those of the reproductive (flower) organs, have been the traditional basis for organizing the phylogeny of the angiosperms (13) . We need to integrate a detailed morphologic character database with the molecular database in order to place fossils into the whole record of angiosperm phylogeny. The early angiosperm fossils have various levels of preservation of morphologic characters but lack any molecular characters. With sufficient data, some fossils can be intercalated into existing taxa in the current molecular-based angiosperm phylogenies (3). However, when novel character combinations are present that do not clearly align a fossil with particular extant angiosperm families, and when no molecular data are available, it becomes necessary to use methods that combine morphologic and molecular characters in a "total evidence" cladistic analysis. In this context, we performed numerous phylogenetic analyses of Archaefructus with modern angiosperms, using a combined matrix of morphology and molecular data. Figure 1 presents the results of one such analysis, in which we reduced the number of morphologic characters to only those relevant to the fossil. In all analyses, Archaefructus was maintained in a position as a sister taxon to the extant angiosperms.
The "flower" of Archaefructus is a unique collection of female and male reproductive organs ( Fig. 2 , A to C, E to G, J, and K). The carpels mature last, after the pollen has been dispersed and the anthers have been lost on the same axis. The shoot apex terminates in the carpel production. The immature carpels are clustered close together and then become spaced out as the axis elongates and they mature; most are arranged helically. Each carpel is attached to the axis by a pedicle that has no visible bract scars or evidence that other organs were ever attached near them. The same is the case for the stalks upon which the pairs of stamens are borne. In Archaefructaceae, the carpels are terminal, pseudo-whorled in threes or subopposite to helical in arrangement, and subtended by helical stamen-bearing stalks.
The stamens were produced in pairs and remained attached to the stalks only while the carpels were young (Fig. 2 , A to C, E, J, and K), as suggested by their small size and close spacing. As the carpels matured, the stamens abscised, leaving the short stalks that remain on the mature shoots. Two stamens commonly arise from the terminus of each stalk. The stamens consist of short slender filaments and long anthers. The anthers are basifixed and consist of two distinct parallel thecae, each probably containing two longitudinal pollen sacs. This is the typical organization of modern angiosperm anthers (14 -17) . Each theca opened by a longitudinal slit extending the full length of the anther. Once opened, the anthers probably remained open.
The anthers often show apical extensions ( Fig. 2 , B, C, and E) that may have served as pollinator attractants (14 -17) . These stamens demonstrate a distinct differentiation between the short filament and the nonlaminar anthers. This finding supports the hypothesis that there is no homologous relationship between the stamen and the carpel (18) . The pre-Cenomanian record of stamens is sparse, but new discoveries in Lower Cretaceous sediments hold promise that more will be found (3, 19, 20) . Each stamen record provides useful information for the phylogenetic analysis of angiosperm characters (21) (22) (23) (24) (25) . For example, the presence of nonlaminar stamens early in angiosperm history supports the view that stalked anthers are primitive.
Stamen bundles are formed in a variety of living angiosperms when there is a secondary subdivision of the androecial primordium (26) . As a result of this secondary primordial activity, a single primordium may produce several stamens. The stamens produced this way are basally fused. The stalks found in Archaefructus may represent the remains of stamen filaments that are fused together. The paired stamens of Archaefructus may be collateral pairs of stamens that result in doubling of organs, as has been observed in the Magnoliidae and in the Alismatidae (26) . Such stamen pairs resulting from paired initial primordia might reflect an ancient history of this character found in the stamen bundles of Archaefructus. This type of primordia in the androecium has been presented as a possible primitive character (27, 28) . An alternative hypothesis is that the two stamens attached to the stalks are the last remnant of larger branching systems that contained male flowers or terminal isolated stamens. In support of this hypothesis, the paired stamens attached to the stalks might represent the last remnants of stamens attached to a reduced branching system. We think the paired stamens are best construed as dichotomous remnants of an earlier, more extensive dichotomous branching system.
Pollen has been obtained in situ from the anthers. The pollen is monosulcate (Fig. 2, F and G). It is of moderate size (17 to 36 m long) with an exine pattern that is vermiform (Fig. 2F) or fossulate, similar to large monosulcate pollen described from the Lower Cretaceous (29) . A granular texture is evident in high magnification on a scanning electron microscope (SEM) (Fig. 2G) . Under epifluo- rescent microscopy, we observed some isolated pollen on the stigmatic crests of the carpels, particularly on the extended tips of the young carpels (7) .
Relatively long pedicles and apical extensions characterize the young carpels associated with the shoots bearing stamens (Fig.  2J) . The apical extension may be an elongation of the adaxial stigmatic crest that, in combination with the elongated pedicle, could help accommodate wind or insect pollination. As the carpels matured, they probably bent outward, forming a wider angle with the shoot. At the same time, the relative proportions of the parts of the carpel changed, so that the extension of the carpel tip and the pedicle are not as obvious in the fossils of mature fruits.
Even though the stamens matured while the carpels were young, it is impossible to know whether Archaefructus was protandrous. The functional nature of the pollen and stigmas cannot be determined from the fossils, but it is possible for pollen to mature and be dispersed before the carpels associated on the same axis were receptive. This type of dichogamy would increase the fitness of Archaefructus by establishing a self-isolating mechanism to ensure outbreeding (16) . It is possible that Archaefructus possessed the po- tential in its reproductive biology to avoid self-pollination. The small size of the immature carpels and the ovules contained in them suggests that unless pollination and fertilization occurred, they would never have developed into mature fruits and seeds. Early in angiosperm history, fruit development was probably tied to successful pollination. In this way, angiosperms avoided investing energy in the production of sterile fruit and seed tissue.
The carpels and stamens are borne together on the same flowering shoots. The carpels are terminal and the stamens subtend them. There are no petals, sepals, or other organs associated with the carpels and stamens. The fertile shoots are produced in a leaf axis or a leaf may subtend terminal fertile shoots. The leaf petioles remain attached to these fertile shoots. The leaf blades are seldom preserved in specimens of A. liaoningensis, whereas they are more often preserved attached in A. sinensis (Fig. 2, A, D, and I ). In one specimen of A. liaoningensis, the partial remains of a preserved leaf are attached (Fig. 2, J and L) . More complete isolated dispersed leaves, three to four times pinnately compound, are found associated from the same sediments.
The Archaefructaceae probably were aquatic plants. The herbaceous nature of the plants is obvious by the thin stems that extend for some distance, which would require water for support. The finely dissected compound leaves suggest an aquatic habitat. The basal leaves have long petioles and are larger than the more distal leaves. The basal leaves are more dissected than the distal leaves. All leaves have a swollen petiole base. It is especially enlarged in those leaves that are most distal from the base but nearest to the reproductive organs and probably the surface of the water. These may have given some buoyancy to the plant. The roots are poorly developed in A. sinensis (Fig. 2H) . Numerous fish (Lycoptera) are preserved and mixed in with the fossil plants or found in association with both species. The reproductive organs of Archaefructus probably were exposed above the water during pollination and may have remained so for seed dispersal.
A Lower Cretaceous (125 to 115 million years old) fossil with affinities to the Nymphaeales (3) is more specialized in its floral morphology and much smaller than Archaefructus. Although Archaefructus has some features similar to Cabombaceae in the Nymphaeales, it does not fit the characters of that order or any extant order. We consider Archaefructus distinct from the Nymphaeales and Amborella. Figure 1 suggests that Archaefructus is a sister taxon to all known angiosperms. The characters that are unique to the Archaefructaceae are illustrated in the reconstruction of A. sinensis (Fig. 3) .
Although the reproductive structures of Archaefructus superficially resemble those of Caytonia and other seed ferns of similar or older age, they are different when examined closely. Archaefructus has female structures clearly interpretable as angiospermous carpels that are closed along an adaxial stigmatic crest, the stamens are angiospermous with bilateral symmetry, and pollen is nonsaccate and monosulcate. In contrast, the outer seedenclosing structure of Caytonia is not conduplicate, and in recent phylogenetic analyses is usually interpreted as homologous with the outer seed integument (25) . In the male structures usually reconstructed as belonging with Caytonia (Caytonanthus), the stamen symmetry is radial and the pollen is bisaccate, as in various modern conifers (30) . All these features place Caytonia (and other seed ferns) outside of the clade formed by Archaefructus ϩ extant angiosperms. Because of the fragmentary nature of Mesozoic seed ferns such as Caytonia, and the markedly different and complex interpretations of their reproductive structures, it was not possible or advisable to include these in our cladistic analyses. For example, in addition to uncertainty in interpretation of homology of the female structures in Caytonia, the female and male structures are not organically connected and were likely borne on separate axes. In the current analysis, these taxa would be unstable but would clearly not be closer to angiosperms than Archaefructus, which possesses strictly angiospermous features of carpels borne above stamens on bisexual axes. It can be confidently stated that Archaefructus is the closest phylogenetically to angiosperms of any available fossil, but has features that exclude placing it within the angiosperm "crown group" or extant clade.
The lack of similarity between Archaefructus and other known fossil plants during the Upper Jurassic/Lower Cretaceous (31) provides us with more information about the primitive angiosperm (as defined by the characteristic of seeds enclosed in carpels) than it does about related pre-angiospermous seed plants. However, it should be noted that, like other angiosperms (both fossil and living), Archaefructus does not represent the original angiosperm and likely had its own derived features. The complex of features seen in Archaefructus provides an important point of extrapolation to the original angiosperm, suggesting the possibility that it lacked petals and sepals ( previous phylogenies without Archaefructus favor an ancestor with a perianth) and may have been a submerged aquatic (like some Nymphaeales). Archaefructus is, rather, part of a complex basal group in angiosperm evolution.
Detailed examination of the reproductive shoots in Archaefructus by epifluorescence microscopy reveals a continuous covering of epidermal cells preserved on these shoots extending between the attached organs. When examined cell by cell, no interruptions in the cell pattern were found that would indicate the presence of scars left by deciduous bracts or other organs, so each entire shoot represents a flower, not an inflorescence. In Archaefructus the leaves help to define the morphologic floral units, beginning at the point of its origin in a leaf axis and extending to the reproductive tip of the shoot (11) . Thus, the Archaefructus flower terminates a lateral branch system. Paired stamens arise from the short stalks on these lateral axillary shoots. Each of these stamen units could be considered reduced complex male branches existing in Archaefructus as small individual male flowers. In that case, the Archaefructus flower would be an inflorescence derived from a complex branched ancestor. On the other hand, the stalk with the stamen pairs could be viewed as a normal androecium in a single flower.
If we consider that the term "flower" is related to an organizational plan (26) , then it is reasonable to consider that each set of multiple carpels and stamens helically arranged along individual elongated shoots and subtended by leaves could be considered a flower. However, Archaefructus does not lend itself to such easy interpretation. The "flower" of Archaefructus may represent a stage in evolution in which its reproduction was angiospermous (ovules enclosed in carpels) while the organization of the traditional floral unit(s) was still poorly defined. Perhaps, just as the evolutionary history of the modern ovulate pine cone can be understood only by knowing its complex branching ancestors, the evolutionary history of the flower may also involve complex branched ancestral axes.
The origin of the organization of reproductive organs seen in Archaefructus has a bearing on how we view the potential ancestor of flowering plants. Many theories and hypotheses of angiosperm origin have been proposed; among these are the euanthium (euthial) (32) and the pseudanthium (33) (34) (35) theories. The euanthium theory indicates that the angiosperm flower organization evolved from a bisexual strobilus with numerous, helically arranged ovules and pollen-bearing organs, as found in Cycadoidea or other Mesozoic bennettialean fossil plants. The ovule and pollen-bearing organs were already differentiated and associated with perianth organs that were suggested to be conspicuous and attractive to insect pollinators (36, 37) . The pseudanthium theory proposed that the ancestral plants of angiosperms had separate branching systems containing ovules and pollen organs. As the hypothetical floral units that formed these branching systems were clustered together, they eventually condensed and modified into a shoot with terminal carpels subtended by stamens. Petals and sepals probably evolved from subtending modified leaves and became part of the whole unit subtending these newly organized reproductive shoots. Ancestors with male and female organs on separate branches are found in the Mesozoic seed ferns. Archaefructus appears to support the pseudanthium theory, with the stalks bearing paired stamens perhaps being remnants of an earlier branching system while the petals and sepals have not yet evolved from associated subtending leaves. of leaves, and leaves often subtending the main fertile shoot. Main shoots up to 85 mm long and 3 mm wide basally, tapering to 1 mm distally. Lateral fertile shoots up to 86 mm long, tapering from 1 mm wide basally to 0.5 mm distally. Fruits attached by pedicles (0.75 to 1.5 mm long, 0.25 to 0.6 mm wide). Fruits larger basally (7 to 10 mm long, 2 to 3 mm wide), each containing two to four seeds. Finger-like prominences extend about 1 mm past the apex of the fruits (Fig. 2 , E and J). Young fruits positioned at acute angles to the shoot while mature fruits spread out at wider angles (Fig. 2, E and J) . The fruits are follicles derived from conduplicate carpels. The main shoot has numerous fruits (up to 18 were observed on one specimen) and the lateral shoots also terminate in numerous fruits (up to 30 were observed). The fruits are crowded at the shoot apex and decrease in size distally. Fruits near the apex are about 3 mm long by 2 mm wide, each with two seeds. The seeds fill the fruits and have an oblique orientation. They appear to be attached to the adaxial side of the fruits. Seeds may overlap within the fruits or may be distinctly separated by oblique bands of tissue. Cuticle of the seed coats are thin. Epidermal cells are rectangularpolygonal, about 25 to 45 m by 12 to 20 m. Anticlinal cell walls are sinuous and cutinized, about 2.5 to 3.5 m thick. Periclinal cell walls are somewhat unevenly cutinized. Often 10 to 12 short (0.3 to 0.5 mm long) stalks are located about 2.5 to 5 mm below the fruits in a zone that extends for about 15 mm along the shoot. These stalks may commonly have two or rarely one ( perhaps very rarely three) stamens (Fig. 2 , E, J, and K). Between 15 and 26 stamens have been observed. Stamens are deciduous as the shoot matures. Stamens consist of a short filament (0.25 to 0.5 mm long) basifixed to an anther (2 to 3 mm long by 1 to 1.2 mm wide) and may have an extended tip (0.5 to 1 mm long) (Fig. 2E) . The narrow tip of the anther extends past the thecae and may be a narrow attenuate connective tip or an extension of the filament. The anthers appear to have two distinct thecae parallel in arrangement and perhaps each containing two longitudinal pollen sacs. The pollen isolated from the anthers is more or less elliptic (17 to 36 m long, 15 to 20 m wide). The pollen appear monosulcate and have a verriform or fossulate/rugulate exine pattern. Exine appears granular under the SEM (Fig. 2, F and G). The leaves, attached (Fig. 2L) Fig. 2A) . Main axes basally 3 mm wide, narrowing gradually upward, apically 1 mm wide. Roots poorly developed, consisting of a primary and few short secondary axes (Fig. 2H) . Leaves dissected, leaf blade dissected two to five times, petiole length variable (0.5 to 4.0 cm). Basal leaves with long petioles with slightly swollen bases (Fig. 2I) . Leaves near reproductive organs have short petioles and swollen bases (Fig. 2D) (2) . Taxa were selected to provide a good representation of variation throughout the angiosperms, including a dense sampling of the so-called basal angiosperms. The tree shown was generated with a matrix of 1645 characters (17 morphological characters, including only those relevant characters that could be scored for the fossil). Parsimony analysis was undertaken using the parsimony ratchet of Nixon (46) , with numerous runs of 200 replications for each analysis. In all analyses, Archaefructus is a sister taxon to the angiosperms as shown in this tree. Depending on the data set used, the overall length of the tree varied, with an overall consistency index of ϳ0.18 (consistent with the original three-gene analysis). The taxa Cycas, Bowenia, Zamia, Ginkgo, Ephedra, and Pinus represent the modern gymnosperms; the other taxa in the analysis are angiosperms (flowering plants). Note that this data set does not address the question of whether the gymnosperms are monophyletic, because no taxa outside of the seed plants were included. The tree has been drawn to be neutral on this point, and it supports either hypothesis equally. The tree differs from the original three-gene analysis only in the position of Ephedra, which in these trees is more consistent with analyses of other genes that place gnetopsids with Pinaceae, suggesting that the morphology may play a positive role in resolving discrepancies. 48 Population extinctions are a more sensitive indicator of the loss of biological capital than species extinctions. This is because many of the species that have lost a substantial portion of their populations [thus altering ecosystems and perhaps reducing the ability of those systems to deliver services (1)] are unlikely to go globally extinct and enter the species extinction statistics in the foreseeable future (2) . Most analyses of the current loss of biodiversity emphasize species extinctions (3-5) and patterns of species decline (6-8) and do not convey the true extent of the depletion of humanity's natural capital. To measure that depletion, we need to analyze extinctions of both populations and species.
Here we give a rough minimum estimate of the global loss of continental mammal populations. We believe that mammals, because of their great taxonomic diversity and the wide range of ecological niches they exploit, can serve as an indicator of what is occurring in the rest of Earth's biota. Our data consist of historic (i.e., mostly 19th century) and present-day distributional ranges of all of the terrestrial mammals of Australia and subsets of the terrestrial mammal faunas of Africa, South East Asia, Europe, and North and South America (Table 1  and table S1 ). These subsets consist of all mammal species whose ranges are known to be shrinking for which we had access to data.
They comprise roughly 4% of the ϳ4650 known species. We assume that loss of range area is due to the extinction of populations, but we do not attempt to equate a given areal loss with a precise number of population extinctions due to the complexities of defining and delimiting populations (9) . Data were gathered from the specialized literature (Web references). In general, because they are better known, most of our range data are from medium-and large-sized species. Whether globally these are more or less liable to population extinction than medium to small species is a matter of conjecture (10) (11) (12) , but at present there is little reason to assume an important directional bias in our samples. There was no correlation between body mass and range shrinkage in our data (P Ͼ 0.05, r 2 ϭ 0.22). There does remain a possible source of bias in the relative lack of very small species in the total sample (12) .
The ranges were digitized and the historic and present range areas were calculated. For each species, we estimated both total area occupied historically and percent historic range area now occupied. Using ArcView 3.1, the ranges were superimposed to produce synthetic maps summarizing the losses of species populations in 2 degree by 2 degree quadrats (i.e., the number of species that have disappeared from each quadrat because all of their populations previously located in that quadrat have disappeared). The area of these quadrats, of course, varies with latitude, but the average of such quadrats over land is about 30,000 km
